Acute fatty liver of pregnancy is a rare complication of pregnancy that may result in fulminant hepatic failure. We present a review of all patients presenting to a quaternary obstetric hospital over a 15-year period, with particular regard to biochemical changes, results of gene testing, and preexisting conditions. Seventeen patients with acute fatty liver of pregnancy were identified. Six patients were documented to have pre-existing gastrointestinal disease; five with inflammatory bowel disease, and one with influenza A hepatitis. Antithrombin III levels were low in this study, consistent with previously published data. There were no recurrences of acute fatty liver of pregnancy in nine subsequent pregnancies to seven mothers. The authors are not aware of any literature addressing pre-existing medical conditions which may predispose to acute fatty liver of pregnancy.
Background
Acute fatty liver of pregnancy (AFLP) is a rare mitochondrial hepatopathy estimated to complicate 5-30 per 100,000 pregnancies. The disorder is associated with maternal mortality of up to 12.5%, a risk of stillbirth of 100-120 per 1000 births and considerable maternal morbidity including complications such as disseminated intravascular coagulation and haemorrhage, sepsis, acute kidney injury requiring dialysis, and fulminant hepatic failure necessitating liver transplantation. 1 Management consists of urgent delivery of the fetus and supportive maternal care. AFLP has been attributed to a defect in mitochondrial b-oxidation of fatty acids, and is characterised by hepatic microvesicular steatosis. Several fetal fatty oxidation defects have been reported to be associated with AFLP. The most common gene mutation is defects in longchain 3-hydroxyacyl-CoA dehydrogenase/mitochondrial trifunctional protein (LCHAD/MTP). Other associated gene mutations include fetal deficiency of carnitine palmitoyl transferase I, short and medium chain acyl-CoA dehydrogenase. There have, however, been many case reports and series where AFLP was not associated with a detectable gene mutation. The authors are not aware of any literature addressing pre-existing medical conditions which may predispose to AFLP.
Mater Health is a quaternary referral obstetric hospital with approximately 10,000 deliveries per year.
Methods
An audit of women diagnosed with AFLP over a 15-year period was performed specifically addressing underlying medical conditions and the incidence of LCHAD gene mutations. Patients were identified through patient coding of diagnosis-related groups and interrogation of the pathology database for patients with elevated hepatic transaminases with subsequent review of medical records.
Results
Seventeen patients were diagnosed over 15 years with AFLP with a mean maternal age of 31 years and 14 (82%) were nulliparous; 10 women were of Caucasian ethnicity, 4 of Asian background, 2 from India, and one woman was Colombian. The median gestation at diagnosis was 37 weeks (range 26-38 weeks' gestation) and one woman was diagnosed postpartum.
With regard to symptoms, 9 women had vomiting, 12 complained of abdominal pain, and 4 manifested features of encephalopathy. One woman manifested polyuria and excessive thirst. All of the women displayed at least six of the Swansea criteria. 2 Laboratory data are summarised in Table 1 . Five patients (29%) had symptomatic hypoglycaemia with plasma glucose less than 2.5 mmol/L and 15 patients (88%) had renal dysfunction evidenced by serum creatinine greater than 90 lmol/L. Four women had serum sodium less than 130 mmol/L. Fifteen women were tested for mutations in the LCHAD gene and all were negative. Liver biopsy was not performed in any of the women. Six of the women had pre-existing gastrointestinal disease, summarised in Table 2 . In two women, AFLP developed subsequent to a diagnosis of intrahepatic cholestasis of pregnancy (ICP). Delivery was by caesarean section in 80% of cases. Meconiumstained liquor was present in 67% of deliveries and there was one stillbirth. There were no maternal deaths and none of the women required liver transplantation. Two women required haemodialysis during admission. Average inpatient and intensive care unit stay were 13.4 days (range 4-38) and 4.9 days, respectively (range 0-13). One woman whose AFLP was complicated by acute pancreatitis presented subsequently three weeks postpartum with acute pulmonary oedema due to peripartum cardiomyopathy (left ventricular ejection fraction 25%). Nine subsequent pregnancies were identified in seven mothers without recurrence of AFLP.
Discussion
The audit was remarkable for the proportion of women who developed AFLP in the setting of pre-existing gastrointestinal disorders, the uniform negative testing for LCHAD gene mutation, and the absence of recurrence of AFLP in subsequent pregnancies.
Liver disease occurs in approximately 10-20% of patients with inflammatory bowel disease (IBD). 3 Non-alcoholic fatty liver disease is the most common hepatic complication and primary sclerosing cholangitis the most specific for IBD. Other hepatic complications include cholelithiasis, IgG-4 cholangitis, PSC-autoimmune hepatitis, hepatic amyloid, granulomatous hepatitis and portal vein thrombosis. Pregnant women with IBD may be at increased risk for antepartum haemorrhage, low birth weight infants, premature delivery, caesarean section, postpartum haemorrhage and severe maternal morbidity. 4, 5 To the best of the authors' knowledge, an association between IBD and AFLP has not been previously described.
An association between ICP and later Crohn's disease, but not ulcerative colitis (UC) has been described in a population-based cohort study. 6 Two cases of AFLP occurring subsequent to the diagnosis of ICP have been reported. 7, 8 It is important for clinicians to recognise that elevated serum bile acids and pruritus may occur in a number of disorders other than ICP including non-alcoholic fatty liver disease, AFLP, acute viral hepatitis, chronic active hepatitis and primary biliary cirrhosis. 9, 10 A common feature in IBD, ICP and influenza infection is elevated levels of inflammatory cytokines. An excessive T(H)1 T-cell response in Crohn's disease leads to increased levels of pro-inflammatory cytokines including interferon-gamma (IFN-c), interleukin(IL)-12, IL-1and IL-6 and tumour necrosis factor-alpha(TNF-a).
11 UC is associated with a T(H)2 T-cell response. ICP is associated with an increase of type 1 cytokines (TNF-a, IFN-c), and a reduction in type 2 cytokines. 12 With influenza infection, massive expansion of virus specific CD8 þ cells and activation of Kupffer cells lead to the release of inflammatory cytokines mediating reduced hepatic fatty acid oxidation and hepatocyte injury. 13 Hepatic mitochondrial b-oxidation is increased following administration of tetradecylthioacetic acid, an anti-inflammatory bioactive fatty acid. Similarly, anti-TNF-a antibody treatment improves mitochondrial function in ob/ob mice.
14 An immunohistopathological study of hepatic tissue sections from two patients with AFLP, however, found only weak staining for anti-TNF-a and neutrophil elastase antibody, whereas liver tissue from two patients with the syndrome of haemolysis, elevated liver enzymes and low platelets stained strongly for TNF-a and neutrophil elastase. 15 Hyposplenism has been reported to complicate 40% of patients with extensive UC, and 35% of patients with Crohn's disease of the colon. 16 Hyposplenism in individuals with IBD may be associated with an increased risk of sepsis, high rates of postoperative infection having been reported after surgery for hyposplenic UC patients. 17 A retrospective study of 10 women with pregnancies complicated by AFLP found that none harboured the common LCHAD mutation (G1528C), suggesting the metabolic basis of AFLP to be more heterogeneous than previously thought. 18 Supporting this, there have been cases of AFLP associated with other disorders of fatty acid oxidation, such as fetal deficiency of carnitine palmitoyl transferase I or short or medium chain acyl-CoA dehydrogenase and pregnancies with a fetus affected by a disorder of fatty acid oxidation demonstrate an 18-fold increase in maternal liver disease compared to matched controls. 19, 20 In another study, mutations causing paediatric LCHAD deficiency were detected in 19% of families with a maternal history of AFLP. 21 Results from the audit support the value of low ATIII levels in distinguishing between AFLP and severe preeclampsia with haemolysis, elevated liver enzymes and low platelets (HELLP syndrome). Review of the 61 cases published in the literature, where ATIII levels were measured in AFLP disclosed a mean level of 16.1% (range 0-69%). Mean levels of ATIII in preeclampsia and HELLP syndrome range between 60 and 85%. [22] [23] [24] [25] [26] [27] [28] ATIII levels are unlikely to be of benefit in distinguishing between AFLP and other causes of acute hepatic failure in pregnancy, given that a mean ATIII level of 14% was reported in seven non-pregnant patients with acute severe hepatic failure of unknown cause. 29 Values in non-pregnant individuals with end-stage hepatic failure due to alcoholic cirrhosis were significantly higher with a mean ATIII level of 51%.
The presence of hyponatraemia in several patients is perhaps surprising given that AFLP may be associated with hypernatremia due to transient diabetes insipidus as a result of reduced hepatic breakdown of vasopressinase. Severe hyponatraemia has been reported in three previous cases of AFLP. 7, 30, 31 Hyponatraemia in hepatic failure is likely due to limitation of free water clearance as a result of enhanced release of antidiuretic hormone with tissue hypoperfusion together with reduced renal function. 32 Hypothalamic-pituitaryadrenal axis insufficiency in acute hepatic failure may be an additional factor. 33 One previous case of biopsy-proven AFLP complicated by PPCM has been reported. 34 The incidence of these disorders suggests that a chance association should occur in only 1 in 100 million pregnancies. The pathophysiology linking the two conditions is unknown.
The risk of recurrent AFLP in a subsequent pregnancy is unknown. One study reported 2 cases of recurrence among 28 pregnancies to women with previous AFLP. 35 
Conclusion
This audit raises the possibility of an increased risk of AFLP in women with IBD. Investigation of pregnancy registries containing significant numbers of women with IBD would be worthwhile to explore this further. In addition, further studies with regard to possible mechanisms linking IBD with an increased risk of pregnancyunique liver diseases would be worthwhile. Investigations as to whether there are other unidentified genetic mutations increasing the risk of AFLP would be informative. The audit supports previous evidence regarding the utility of low ATIII levels in the diagnosis of AFLP, and differentiation from HELLP syndrome. Clinicians caring for women with AFLP should be aware of PPCM as a rare complication of the disorder. A registry of the outcome of subsequent pregnancies to women with AFLP would be valuable to assist women in making an informed decision regarding the risk of recurrence.
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